We present the first analysis of an XMAI-Newton observation of the nearby molecular cloud MBNI 12. We find that in the direction of MBM 12 the total O VII (0.57 keV) triplet emission is 1.8+0" photons cm -2 s _u sr -1 (or Line Units -LU) while for the O VIII (0.65 keV) line emission we find a 3Q upper limit of <1 LU. We also use a heliospheric model to calculate the O VII and O VIII emission generated by Solar Wind Charge-eXchange (SWCX) which we compare to the XMM-Newton observations. This comparison provides new constraints on the relative heliospheric and Local Bubble contributions to the local diffuse X-ray background. The heliospheric SWCX model predicts 0.82 LU for O VII, which accounts for -,16±15 eic of the observed value, and 0.33 LU for the O VIII line emission consistent with the XMM-Newton observed value. We discuss our results in combination with previous observations of the MBM 12 with CHANDRA and Suzaku.
Introduction
The major sources of the Soft X-ray Background (SXR.B) below 1 keV, besides distinct structures such as supernovae and superbubbles (e.g., Loop I), are: absorbed extragalactic emission (primarily= unresolved AGN), an absorbed thermal component from the Galactic disk and halo, an unabsorbed thermal component attributed to gas in the Local Hot Bubble (LHB) and the recently identified unabsorbed Solar Wind Charge-eXcha.nge (SWCX) emission from the heliosphere and the geocorona.
Absorption measurements towards nearby stars Code 662. NASA/Goddard Space Flight Center.
Greenbelt. 1'ID 20771, USÀ Harvard -Smithsonian Center for Astrophysics, Caan-bridge_ MA 02138. USA 3 Henry A. Rowland Department of Physics and Astronomv. The Johns Hopkins University, Saltimorc.NID 21218. USA show that the Sun is surrounded by a. large (r -100 pc) low-density region, sometimes called the Local Cavity (Cox & Reynolds 1987) . Part of this cavity may be filled with hot gas, forming the so called `Local Hot Bubble'. This idea derived from the need to explain the fraction of the soft X-ray background that does not anticorrelate with the interstellar column density, and thus can not be attributed to distant Galactic emission, although its distribution in the sky seems to align with Galactic, and not ecliptic, coordinates (Sanders et al. 1977; Snowden et al. 1990 ). The temperature of the emitting gas has been inferred by the Wisconsin (Fried et al. 1980; McCammon k-Sanders 1990 : Snowden et al. 1990 ) and ROSAT (Snowden 1993) surveys band ratios in the 1 keV energy range. and found to be around 10' K Al keV). The Cosmic Hot Interstellar Plasma Spectrometer (CHIPS: Hurwitz et al. 2005 ) did not detect the far-ultraviolet (FUV) emission expected from surrounding 106 K gas, and placed the LHB temper-ature rather at 0.086 keV for an emission measure of 4x 104 cm -1 pc. SWCX X-ray emission in the heliosphere originates when a. high charge state ion of the solar wind interacts with a neutral atom and gains an electron in a highly excited state which their by emission of one or more X-rays. Since SWCX X-ray emission was first discovered in observations of comets (Lisse et al. 1996) , it was also confirmed to occur in the near-Earth environment where the neutrals are exospheric material in and near the rnagnetosheath (e.g., Cravens et al. 2001; Snowden et al. 2009 ), and throughout the solar system where the target atoms are from the interstellar medium (Cox 1998; Cravens 2000) . The two later components (and especially the heliospheric emission) create a diffuse 'foreground' emission that is present in every X-ray observation. This diffuse emission is strongly dependent on the solar wind proton flux and heavy ion abundances. However its effect on X-ray observations is very difficult to predict, due to the combination of the fast responding geocoronal (because of the small volume of the neutral distribution around the observer) and slowly varying heliospheric components. A characteristic example of a combination of geocoronal and heliospheric SWCX emissions was detected by XIVIM-Newton while observing the Hubble Deep Field-North (Snowden, Collier, & Kuntz 2004) .
SWCX emission is thought to comprise a. significant part of the diffuse X-ray background observed at energies < 1 keV. The most explicit. signature of SWCX is usually observed in the form of Long-Term Enhancements (LTEs), that were extensively observed and analyzed during the ROSAT All-Sky Survey (RASS, e.g. Snowden et al. 1995) . However, the relative contribution of the LHB plasma and the quiescent heliospheric SWCX emission to the local (unabsorbed) SXRB has been a vivid subject of debate in the last decade. Models of the heliospheric SWCX emission e.g. Robertson & Cravens 2003 : Koutroumpa et al. 2007 predict that 50 to 100`% of the X-ray emission in the # keV energy band may be attributed to the heliosphere. In the keV band where the LHB plasma is thought to emit the most.. the fraction accounted for by SWCX is more uncertain. Although recent simulations show that the SWCX emission inav account for almost all the -1 keV band SXRB at low, latitudes (lb' <25". Koutroumpa et al. 2009b) , CX atomic calculations for heavy-ions with strong lines in the 1 keV band (such as Fe, Si, S, Mg) are still based on approximations and the results should evolve in the future. At high latitudes, the Koutroumpa et al. (20091) ) model predictions are lower than the measured SXRB intensities, and some local emission from the IS medium is needed.
In general, when trying to compare the LHB and SWCX emissions, the contributions of the distant components of the SXRB (Galactic; disk & halo, and extragalactic sources) blur the results even more. In order to avoid this complication the usual strategy is to employ shadowing observations, which consist of pointing towards a. dense molecular cloud that will absorb more or less efficiently the distant components of the SXRB, leaving only the local components of interest, i.e., the LHB and SWCX emissions.
The perfect candidate for this kind of observing strategy is NIBM 12, a nearby high-galactic (l, b -159°, -34°), low-ecliptic (A, (3 47°, 3") latitude molecular cloud , with a column density of -4x 1021 c111-2 (Smith et al. 2005) , which is optically thick for the oxygen lines energies that are of interest in our analysis (optical depths of 3.5 and 2.4 for O VII and O VIII respectively). Early estimates of the distance to NIBM 12 were controversial and have placed it between 65 and 360 pc (Hobbs et al. 1986; Andersson et al. 2002) . More recent studies, have further constrained its distance to 90-150 pc (Lallernent et al. 2003) . In any case. the exact distance of MBM 12 is not important, since the cloud is nearer than the nonlocal sources of the SXRB in the 3 kcV band. Snowden et al. (1993) first observed NIBM 12 as an X-ray shadow with ROSAT in order to ineasure the LHB soft X-ray emission in the 1 keV and -3 keV energy bands. They placed a. 2a upper limit of 270 counts s -1 sr-1 in the ROSAT s keV band, which includes both the O VII 4 triplet. at 6.57 keV and the O VIII Ly_ man-o line. at 0.65 keV. They fitted the .1 keV band data with a standard 1() 6 K thermal modal assuming a pathlength of -65 pe and found in emission measure of 0.0021 cm -s pc. This model yields -17 counts s -u sr -1 in the keV band, which corresponds to 0.28 photons cm -2 s _1 sr -'(if we assume that O VII is the dominant contribution to the 2 keV band emission), hereafter named Line Units (LU). However, ROSAT's lack of spectral resolution within the bands, did not allow the separation of the O VII from the O VIII line emission, the background continuum and possible other spectral features. Smith et al. (2005) repeated the MBM 12 observations using the CHANDRA ACIS instrument in August 2000, but their results were adversely influenced by a strong C,oronal Mass Ejection (CME). They measured particularly strong O VII and O VIII line emission with a surface brightness of 1.79±0.55 LU and 2.34±0.36 LU respectively, much larger than Snowden et al. (1993) 's limits. They argued that this intense oxygen line emission could not come from any of the standard LHB models, either equilibrium or strongly recombining, and suggested that their results were contaminated by SWCX. As it turned out, this CME did indeed produce a strong enhancement of SWCX emission in the heliosphere (and possibly the geocorona) as demonstrated by Koutroumpa et al. (2007) .
A third observation of MBM 12 was performed with Suzaku in February 2006 (Smith et al. 2007 ). Towards MBM 12, the O VII emission line was detected with a surface brightness of 3.34±0.26 LU, and the O VIII flux was 0.24±0.1 LU. Smith et al. (2007) fitted the data with a standard thermal model and found that the emission could be explained by a region with 100 pc radius, an electron density of 0.0087 cm -a , and a temperature of 1.2 x 106 K. However, these parameters would predict a 1 keV emission in excess of observations.
Using a self-consistent simulation of the heliospheric SWCX emission responding to quasi-real time variations of the solar wind proton flux and heavv ion abundances, Koutroumpa et. al. (2007) estimated the heliospheric SWCX emission from the O VT1 and O VIII lines in the case of both the CHANDRA and Suzak°a observations of the MBM 12. along with two more observations of a. high-latitude shadowing filament with Suzaka and . ,VA1-, ca,ton (for an updated analysis of the filament observations see Henley & Shelton 2008) . Arguing for both the short-scale solar wind variations and global solar activit y variations due to the 11-year solar cycle. the authors simulated the heliospheric SWCX emission during each of these shadowing observations. They found that almost 100%C of the oxygen emission in front of these shadowing clouds may be explained by means of the heliospheric SWCX emission alone, and that there was no need for emission from gas in the LHB in these directions. This work presents another step in the continuing effort to confirm these results.
In this paper we present the first analysis of all 12 observation with XMM-Newton and compare, the results with a model used to calculate the heliospheric SWCX emission, in order to place more constraints on the contribution of the heliospheric and LHB gas emissions to the local diffuse SXRB. The paper is organized as follows:
In Section 2 we present the XMM-Newton. data analysis and results. In Section 3 we describe the heliospheric SWCX simulations and results for the period and LOS of the MBM 12 observation. Finally, in Section 4 we compare the SWCX model results to the X-ray data and discuss the implications on the local diffuse X-ray background, in combination with results from previous observations towards the MBM 12 and other shadowing fields.
X-Ray Observations
The molecular cloud MBM 12 was observed by XMM-Newton on several occasions (typically in February and August) from 2000 to 2008 for a total of 131.1 ks (Observation IDs: 0110660101,0112510301,0501370101,0501370201 & 0552920101). The pointing positions were distributed around a region roughly centered at (RA, Dec) _ 021155m58s, +19'28 1 19" (.72000) (1, b = 159.2', -34.5': A. t3 -47, +3°). Of these observations, the first four were badly contaminated by the soft proton background, and only the last one (ID#0552920101) was used in this analysis. The observation took place oil 12, 2008 for a. total exposure of -35 ks (see observation details in Table 1 ).
We reduced the EPIC data using the Xi17M-Newtonn ESAS I analysis p.3ckage (Snowden & Kuntz 2006 1 1 as demonstrated in Snowden et al. (2008) . The data were first filtered for excesses in the normal internal particle background and for contamination by soft protons (Kuntz & Snowden 2008a ). Next. data from the full field of view were littp:/jheasare.gsfc.nasa.govldocs/xmrn/xinuihp xuunesas.litsnl extracted after the exclusion of point sources. Finally model particle background spectra were produced for subtraction during the spectral fitting process.
In Figure 1 we present, the spectral fit for that the 07+ j06+ ratio in the slow SW equatorial zone during 2008 was at only 35%, of its typical average value, which means that 07.E was strongly depleted, even in the slow SW.
The global average properties of the SW are at present, well known, thanks to many years of monitoring by a. large fleet of solar and heliospheric imagers and in-situ instruments. However, these data provide an average estimate of the quiescent SW, and therefore only an estimate of the quiescent SWCX emission. In real time,. the SW flux is extremely variable, with a, vast distribution of heavy ion abundances, The Advanced Composition Explorer (ACE, Stone et al. 1998 ) and WIND (Ogilvie et al. 1995) satellites at the Ll point provide in-situ density and velocity (among other quantities) measurements of various species in the solar wind. Since SWCX emission is proportional to the flux of the solar wind species producing the emission, the ACE and WIND data can be used to gain insight into the variation of the observed flux.
More recently, the twin STEREO (Solar TErrestrial RElations Observatory-; Kaiser 2005) spacecrafts were launched in 2006, and are currently evolving in heliocentric orbits slowly drifting away from the Earth -one ahead of Earth in its orbit (STEREO A), the other trailing behind (STEREO B). Like ACE and WIND, the STEREO observatories are equiped with solar imaging instruments as well as in-situ detectors for monitoring the solar activity and the solar wind. The combination of the four instruments, placed at -1 AU from the Sun but at different orbital locations. is essential for the studies of the structure and properties of the ambient solar wind.
The two upper panels of Figure 2 show the solar wind proton flux and bulk speed for the MBM 12 observation interval (shown by the vertical lines), measured with TVJND and STEREO A (STEREO B data are less relevant to our stud y since the 1IBNI 12 LOS points ahead in Earth's orbit, see lowest panel of Figure 2 ). The quiescent level of the SW proton flux during the period of our obser-_?
vatlons was •-I.,-1t1 ('tn s-4. somewhat lower than average equatorial slow SW proton fluxes.
lV7AW detected a strong proton flux enhancement due to a Corotating Interaction Region (CIR) around 21:00 UT (,)it 8. figure. ] Therefore, we assume average 0 + ' and 0 + ' abundances at -45% of their typical values., based on the previously-mentioned Ulysses (and ACE) measurements.
Results
In t he lower panel of Figure 2 we show the structure and propagation of the CIR as calculated in the dynamic model. In the model, the SW enhancement is simulated as a step function of the same duration as the CIR. and a maximum solar proton flux averaged over the CIR. structure. Day T = 0 in the simulation is the start date/time of the XM1/1-Newton MBXI 12 observation. The CIR is first observed with WIND on T = -3.9 for 16 hours, with an average speed of 400 km/s and an average proton flux of 6.2 x 10' ciii -' s -1 (used in the step function).
In order to simulate as faith- In Figure 3 we present the predicted lightcurNes C, of the 0 \'ll and 0 Vill SWCX emission under the influcuce of the CIR, propa gation along the TNIBNI 12 LOS. taking into account the de- Table 1 .
Discussion and Conclusions
We have presented the first spectral analysis of the soft X-ray background emission towards the NIBT%I 12 with XAM-Netvton. The spectral fit yielded a 0 VII triplet surface brigthiless of 1.8-0 _0.6 -5 LU, and placed a 3a upper limit of <1 LU to the 0 Vill line emission. We also performed a simulation of the heliospheric SWCX emission towards the same direction for the same observing In Gupta et al. 2009 ).
In Figure 4, Foreground emission taking into account the optical depth of the shadows. Data taken from Smith et al. (2005 Smith et al. ( , 2007 ; Henley & Shelton (2008) ; Gupta et al. (2009) controversy of the dominant emission mechanism in the local interstellar inedimn. 
